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^ (57) Abstract: An add fracturing method is provided in which the acid is generated in the fracture by hydrolysis of a solid acid- 

^? precursor selected from one or more than one of lactide, glycolide, polylactic acid, polyglycolic acid, a copolymer of poly lactic acid 

^ and polyglycolic acid, a copolymer of glycolic acid with other hydroxy-, carboxylic acid-, or hydroxycarboxylic acid-containing 
moieties, and a copolymer of lactic acid with other hydroxy*, carboxylic acid or hydroxycaiboxylic acid-containing moieties. The 

Q solid acid-precursor may be mixed with a solid acid-reactive material to accelerate the hydrolysis and/or coated to slow the hydrolysis. 

^ Water-soluble liquid compounds are also given that accelerate the hydrolysis. The method ensures that the acid contacts fracture 

^ faces far from the wellbore. 
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GENERATING ACID DOWNHOLE IN ACID FRACTURING 

Background of the Inyention 

This invention relates to a method of injecting solid acid-precursors that dissolve 
5 in water to generate acids after they have been injected. More particularly it relates to a 
method of generating acids in situ far jfrom the wellbore in fractures in acid fracturing 
(fracture acidizing). 

In acid fracturing, acid is placed in the fracture, at a distance from the wellbore, 
where it reacts with the face of the fracture to etch differential flow paths that a) create 

10 disparities so that the opposing fracture faces do not match up when the fracture pressure 
is released and so the fracture does not close completely, and b) provide flow paths for 
produced fluid along the fracture faces from distant portions of the fracture toward the 
wellbore. Normally, the acid is placed in the desired location by forming an acidic fluid 
on the surface and pumping the acidic fluid from the surface and down the wellbore 

15 above fracture pressure. There are generally two major problems encountered during this 
normal procedure. 

Ffrst, in the pumping operation the acid is in contact with iron-containing 
components of the wellbore such as casing, liner, coiled tubing, etc. Acids are corrosive 
to such materials, especially at high temperature. This means that corrosion inhibitors 

20 must be added to the fluid being injected in order not to limit the amount of acid, and/or 
the time of exposure, that can be used during injection of an acid. Furthermore, acid 
corrosion creates iron compounds such as iron chlorides. These iron compovmds may 
precipitate, especially if sulfur or sulfides are present, and may interfere with the stability 
or effectiveness of other components of the fluid, thus requiring addition of iron control 

25 agents or iron sequestering agents to the fluid. 
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such as methyl formate and methyl acetate as in situ acid generators in the oilfield. 1 ney 
also described the reaction of ammonium monochloroacetic acid with water to generate 
glycolic acid and ammonium chloride in the oilfield. However, these acid precursors are 
liquids, and these reactions take place very rapidly as soon as the acid precursors contact 
water. 

There is a need for a new method of delayed, controlled release of acids fi:om 
solids in situ in acid fracturing. 

Summary of the Invention 

One embodiment of the Invention is a method of acid fracturing using a solid 
acid-precursor for providing a controlled release of acid by hydrolysis and dissolution. 
The solid acid-precursor is lactide, glycolide, polylactic acid, polyglycolic acid, a 
copolymer of polylactic acid and polyglycolic acid, a copolymer of glycolic acid with 
other hydroxy-, carboxylic acid-, or hydroxycarboxylic acid-containing moieties, a 
copolymer of lactic acid with other hydroxy-, carboxylic acid or hydroxycarboxylic acid- 
containing moieties, or mixtures of the preceding. The solid acid-precursor may be 
mixed with a second solid that reacts with an acid, such as magnesium hydroxide, 
magnesium carbonate, dolomite (magnesium calcium carbonate), calcium carbonate, 
aluminum hydroxide, calcium oxalate, calcium phosphate, aluminum metaphosphate, 
sodium zinc potassium polyphosphate glass, and sodium calcium magnesium 
polyphosphate glass for the purpose of increasing the rate of dissolution and hydrolysis of 
the solid acid-precursor. The second solid will be called a "solid acid-reactive material'*. 
In embodiments of the Invention, the particles of solid acid-ptecursors, optionally mixed 
with solid acid-reactive materials in the same or separate particles, are in the form of 
beads, ribbons, platelets, fibers or other shapes. When they are in the same particles, the 
solid acid-precursors may enclose the solid acid-reactive materials. The solid acid- 
precursor, including when it is mixed with or contains other materials, may itself be 
coated or encapsulated to slow or delay hydrolysis. In another embodiment, soluble 
liquids such as esters, diesters, anhydrides, lactones, sodium hydroxide, potassium 
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hydroxide, amides, ammes. carbonates, bicarbonates, alcohols, alkanol ammes. 
annaonimhydroxide and rnixtures thereof are added to thefractorefluidtoaccel^ 

the hydrolysis of the soUd acid-precursor. In another embodiment, the fluid farther 
contains aproppant m yet another embodiment the fluid further contains a viscosifier. 
Inastill further embodiment the fluid further containsaproppantandaviscosifi^^ 
further embodiment the fluid contains an acid, for example hydrochloric acid. ^ 
hydrofluoric acid, ammonium bifluoride. fomiic acid, acetic acid, lactic acid, glycobc 
acid, an ammopolycarboxyUc add. a polyaminopolycarboxylic ac^ 
of these acids or amixture of one or more of these acids or salts. 

Brief Description of ttie Drawings 
Figure 1 shows the solubility of calcite in various organic acids. 

Detailed Description of ttie Invention 

Unlike conventional acid ftacturing. the fracturmg fluid used in the method of the 
invention does not normally contain an acid when it is pr^ared at the surface and 
15 injected into the wellbore. 

Excelleat sources of add that can be generated downhole when and where it is 
needed are soUd cycUc dimers. or soUd polymers, of certain organic acids, that hydrolyze 
nnderknownandcontroUableconditionsof temperature, tune andpH to formtheorgamc 

adds We will can these soUd materials "acid-precursors" and we will call the formation 
20 ofaciddownhole-delayedacidgeneration". One example of a suitable soUd acxd- 
p^or is the soUdcyclicdimeroflactic acid (known as "lactide'0.w 

Halting pomt of 95 to 125 "C. (depending upon the optical activity). Another is a 
polymer of lactic acid.(sometimescalledapolylacticacid(or'TLA").orapolyl.^^^^ 
orapolylactide).Anotiierexampleis the solidcyclicdimer of glycolic acid (known as 

25 "glycolide").whichhasameltingpointofabout86'C. Yet another example is a 

polymer of glycolic acid (hydroxyaceticacid^alsoknown as polyglycohcac^^ PGA ). 
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or polyglycolide. Another example is a copolymer of lactic acid and glycolic acid. 
Tbiese polymers and copolymers are polyesters. 

Cargill Dow, M innetonka, MN, USA, produces the solid cyclic lactic acid dimer 
called 'lactide'' and fipom it produces lactic acid polymers, or polylactates, with varymg 

5 molecular weights and degrees of crystallinity, under the generic trade name 

NATUREWORKS™ PLA. The PLA's currently available from Cargill Dow have 
molecular weights of up to about 100,000, although any polylactide (made by any 
process by any manufacturer) and any molecular weight material of any degree of 
crystallinity may be used in the embodiments of the Invention. The PLA polymers are 

10 solids at room temperature and are hydrolyzed by water to form lactic acid. Those 

available from Cargill Dow typically have crystalline melt temperatures of from about 
120 to about 170 °C, but others are obtainable. Poly(d,l-lactide) is available from Bio- 
Invigor, Beijing and Taiwan, with molecular weights of up to 500,000. Bio-Invigor also 
supplies polyglycolic acid (also known as polyglycolide) and various copolymers of 

15 lactic acid and glycolic acid, often called "polyglactin" or poly(lactide-co-glycolide). 

The rates of the hydrolysis reactions of all these materials are governed by the molecular 
weight, the crystallinity (the ratio of crystalline to amorphous material), the physical form 
(size and shape of the solid), and in the case of polylactide, the amounts of the two 
optical isomers. (The naturally occurring 1-lactide forms partially crystalline polymers; 

20 synthetic dl-lactide forms amorphous polymers.) Amorphous regions are more 
susceptible to hydrolysis than crystalline regions. Lower molecular weight, less 
crystallinity and greater surface-to-mass ratio all result m faster hydrolysis. Hydrolysis is 
accelerated by increasing the temperature, by adding acid or base, or by adding a material 
that reacts with the hydrolysis product(s). 

25 Homopolymers can be more crystalline; copolymers tend to be amorphous unless 

they are block copolymers. The extent of the crystallinity can be controlled by the 
manufacturing method for homopolymers and by the manufacturing method and the ratio 
and distribution of lactide and glycolide for the copolymers. Polyglycolide can be made 
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inaporousfono-Son^ of thepolymers dissolve very slowly in waterbefore they 
hydrolyze. 
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To accelerate the dissolution of solid acid-piecursors, water-insoluble solid acia- 
soluble or acid-reactive materials, such as but not limited to magnesium hydroxide, 
magnesium carbonate, dolomite (magnesium calcium carbonate), calcium carbonate, 
aluminum hydroxide, calcium oxalate, calcium phosphate, aluminum metq)hosphate, 
5 sodium zinc potassium polyphosphate glass, and sodium calcium magnesium 

polyphosphate glass, may be mixed with or incorporated into, solid acid-precursors, such 
as cyclic ester dimers of lactic acid or glycolic acid or homopolymers or copolymers of 
lactic acid or glycolic acid. These mixtures are added to the fracturing fluid. At least a 
portion of the solid acid-precursor slowly hydrolyzes at controllable rates to release acids 

10 at pre-selected locations and times in the fracture. In addition to reacting with the 

formation fracture face, the acids also react with and dissolve at least a portion of the 
acid-reactive materials, if they are present. This will accelerate the dissolution of the 
solid acid-precursor and generate acid in amounts beyond that which reacts with the solid 
acid-reactive material. The result is that at least a portion of both the solid acid-precursor 

IS and the acid-reactive solid material dissolve. Usually most or all of the solid material 
initially added is no longer present at the end of the treatment. However, it is not 
necessary either for all of the solid acid-precursor to hydrolyze or for all of the solid acid- 
reactive material to dissolve. Any solids remaining will beneficially act as proppant. 
Note that often the additional solid acid-reactive material will not be needed to accelerate 

20 the hydrolysis of the solid acid-precursor, because the formation itself will be acid- 
reactive. However, the solid acid-reactive material may be selected to be more reactive 
than the formation or may be in more intimate contact with the solid acid-precursor. 

The dissolution of solid acid-precursors in acid firacturing may also be accelerated 
by the addition of certain soluble liquid additives. These accelerants may be acids, bases, 

25 or sources of acids or bases. These are particularly valuable at low temperatures (for 
example below about 135 ""Q, at which the solid acid-precursors hydrolyze slowly, 
relative to the time an operator would like to put a well on production after a firacturing 
treatment. Non-limiting examples of such soluble liquid additives that hydrolyze to 
release organic acids are esters (including cyclic esters), diesters, anhydrides, lactones 

30 and amides. A compound of this type, and the proper amount, that hydrolyzes at the 



7 



PCT/EP2003/011835 

WO 2004/038176 



10 



15 



20 



25 



xeadil, itotifed fcr a given tteattnent b, rimple laboratory hydrolysis exp^iment,. 
Otter soiObte soluble bquid additives are simple ba«s. (Ibey are termed "bqmds" 
because inpracttc. it wouldbesi«>pler and safer to addttemto the tracking fluid as 

™„„.«,lutio.sra.torthauassoUds.) Suitable base, are sodium hydroxide, potas^um 
h»i.»ride. arri am«o.dumb,a».xide. Other suitable soluble liquid additives are 
attorides, water^uble c.rbo.«es and bica*onates, aleobols such as but «>. luu.te>. to 
„^ aud etb^ol. alkatu* amines and organic »aincs such monoedranol amine and 
^ylamine. Other suitable solubleUquidaddittves are acids, such asbutnotlimrtedto 

hydrochloric acid.hydrofluoric acid, »rmmiumbifluonde, formic acid, acetrc acrd, 
lacticacid,glycolicadd,ann«opol,ca.b<»cyHcacids(suchasbutnotlimitedu, 

hydroxyeUiyliminodiacetic «=id), poly»ntaopol,ca.boxylic acids (such as but no, hmrted 
tohydroxyethylethylenediaminetriacetic «nd), sdts- including parUal salts - of dre 
organic adds (tor e«mple, mmnonium, pota«,i«m or sodium salts), and mixunes of 

acids or salts. (Ammonium Wfluoride partially hydrolyzes in contact »i,h water to 
formsomeHF,amlsowillbecalledan.cidtere.) The organic »ads may be used as 
a^adts. Whe.co,roai..addmigh.contactcorrodftlem«d.corrosioninhib.to,saie 

added. 

Mixtures of one or mote solid acid-precursors and one or more solid «4i-re«=tive 
^als. if they represent, ma, be purely physical mixmres of separate particles of the 

sep.,a.ecompone..s.Themixmresmayalsobemauufact„redsuchtha.oneo,m™ 
«,Hd «.id-,r«=un»rs and one or more «>lid acid-reactive mat^ials is in each parade; dns 
„m be termed a "combined mixutre". This may be done, by non-limiting examples, by 
coating the acid.,e«»ive m«e,ial wid. the solid acid-prec^sor, or by hewing a physical 
ntonre untD tte solid «M-precursor melts, mixing thoroughly, cooling, and 
„™^g. Forexample,i.iscommonpracticetoi.dustrytoco-extrudepolymers 

^.h minerd filler m«en.ls. such as talc or carbonates, so that they have altered opncal. 
thermal and/orm«*a«cal properties. Such mixWres of polymers and soUds are 
commomyreferredtoas-flUedpolymers". In any case it is preferable for the 
distrtla^iou of tte components in the mixture, to be as uniform as possible. Tte 
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and relative amounts of the components may be adjusted for the situation to control tne 
solid acid-precursor hydrolysis rate. The most important factors will be the temperature 
at which the treatment will be carried out, the composition of the aqueous fluid or fluids 
with which the mixture will come into contact, and the time and rate desired for 
5 generation of the acid. 

The solid acid-precursors or the mixtures of solid acid-precursors and solid acid- 
reactive materials may be manufactured in various solid shapes, including, but not limited 
to fibers, beads, films, ribbons and platelets. The solid acid-precursors or the mixtures of 
solid acid-precursors and solid acid-reactive materials may be coated to slow the 

10 hydrolysis. Suitable coatings include polycaprolate (a copolymer of glycolide and 
epsilon-caprolactone), and calcium stearate, both of which are hydrophobic. 
Polycaprolate itself slowly hydrolyzes. Generating a hydrophobic layer on the surface of 
the solid acid-precursors or the mixtures of solid acid-precursors and solid acid-reactive 
materials by any means delays the hydrolysis. Note that coating here may refer to 

15 enc^sulation or simply to changing the surface by chemical reaction or by forming or 
adding a thin film of another material. Another suitable method of delaying the 
hydrolysis of the solid acid-precursor, and the release of acid, is to suspend the solid acid- 
precursor, optionally with a hydrophobic coating, in an oil or in the oil phase of an 
emulsion. The hydrolysis and acid release do not occur until water contacts the solid 

20 acid-precursor. Methods used to delay acid generation may be used in conjunction with 
inclusion of solid acid-reactive material to accelerate acid generation because it may be 
desirable to delay acid generation but then to have acid generated rapidly. 

An advantage of the composition and method embodiments of the Invention is 
that, for a given oilfield treatment, the appropriate solid acid-precursor and solid acid- 
25 reactive material may be selected readily from among many available materials. The rate 
of acid generation from a particular solid acid-precursor or a particular mixture of a solid 
acid-precursor and a solid acid-reactive material, having a particular chemical and 
physical make-up, including a coating if present, at a particular temperature and in 
contact with a fluid or fluids of a particular composition (for example pH and the 
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concentration and nature of other components, especially electrolytes), is leadfly 
determined by a simple experiment: exposing the acid-precursor to the fluid or fluids 
under treatment conditions and monitoring the release of acid. The rate of soUd acid- 
reactive material dissolution, if the soUd acid-reactive material is included, is governed 
5 by similar factors (such as by tiie choice of solid acid-reactive material, the ratio of 

materials, ttie particle size, calcming and coating of solid acid-reactive material) and may 
readily and easily be determined by similar experiments. Naturally, a solid acid- 
piecursor is selected tiiat a) generates acid at die desired rate (after a suitable delay if 
needed) and b) is compatible witii and does not interfere with the function of otiier 
10 components of the fluid. An acid-reactive material is selected ti»at accelerates acid 

generation to a suitable extent and is compatible witti die function of otiier components of 
the fluid. 

The solid acid-precursor particles, or tiie mixture particles, self-destruct in situ, 
tiiat is, in the location where tiiey are placed (deliberately or inadvertentiy). That location 

15 may be part of a suspension in a treatment fluid in the wellboie. in the perforations, in a 
fracture, as a component of a filter cake on the walls of a wellbore or of a fracture, or in 
tiie pores of tiie formation itself. The metiiod may be used in carbonates and sandstones. 
In use. even tixough die particles are intended to be in a fracture, tiiey may end up in otiier 
places, where tiiey are normally undesirable because tiiey impede fluid flow, so m all 

20 locations self-destruction is desired. The great majority of tiie particles end up in a 
fracture where tiie acid tiwt is generated etches tiie fracture faces. 

If amixture is used, tiie particle sizes of tiie individual components of tiie mixture 
may be tiie same or different Almost any particle size may be used. CJoveming factors 
include a) tiie capability of equipment, b) tt« widtii of tiie fracture generated, and c) tiie 
25 desired rate and time of self-destruction. The rate of selfniestruction can readily be 
measured in ttie laboratory in a given fluid at a given temperatiiie. Preferred sizes are 
those of proppants and fluid loss additives since operators have tiie equipment and 
experience suitable for tiiose sizes. 
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A particular advantage of these materials is that the solid acid-precursors and me 
generated acids are non-toxic and are biodegradable. The solid acid-precursors are often 
used as self-dissolving sutures. 

The solid acid-precursors of the current Invention may be used for delayed acid 
generation in acid fracturing in the ways in which the encapsulated acids described in 
U.S. Patent No. 6,207,620, hereby incorporated in its entirety, are used. 

The solid acid-precursors, with or without accelerants, may be used particularly 
effectively in acid fracturing treatments. Acid fracturing is a process in which an acidic 
fluid is injected into a formation at a pressure sufficientiy high to fracture the rock; the 
acid then etches the surfaces of the fracture so that conductive flow paths are formed, 
along the fracture faces, that remain after the pressure is released and the fracture faces 
are forced back together. There are potentially serious problems encountered with acid 
fracturing. First, acids, especially strong acids, react with the first material they 
encounter. In an acid fracturing treatment, as in matrix acidizing treatments, this means 
that as soon as a fracture forms or is enlarged, or as soon as a high permeability region is 
formed or encountered, both of which are likely to occur near the wellbore, acid will 
contact the fresh matrix surface near the wellbore, or in fluid contact with the high 
permeability region near the wellbore, and react with it. Most or all of the acid reaction 
then occurs near the wellbore, or in or near the high permeability region near the 
wellbore, and littie or none of the acid reaches portions of the fracture farther from the 
wellbore, or farther away than the high permeability region. Therefore etched flow paths 
along the fracture faces are not formed very far away from the wellbore or beyond any 
high permeability regions. Second, once the acid begins to react with a portion of the 
matrix material, it tends to form "wormholes" or paths of least resistance that subsequent 
acid will follow. If either or both of these occurs, then when the pressure is released and 
the fracture closes, a satisfactory flow path for production of fluids, from the formation 
into the fracture and then into the wellbore, will not be formed. Solid acid-precursors 
solve these problems. Because the fluid is not sufficientiy acidic when it is first injected, 
it will not react with tiie first formation material witii which it comes into contact; rather 
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it wiUbe carried farther into the growing fracture Where the acid wmsubs^^^^ 
when it is released. Also, because the acid-pr^ursorisasoUd material, if it is large It 

will help prop open the fracture until the differential etching occurs, but then after it is 
hydrolyzed the solid acid-precursor will no longer be present and so if it is smaU it will 
not hnpede fluid flow from the formation into the weUbore for production. 

Tous one embodiment of the invention isamethod of acid fracturing withasoUd 
acid-precursorpresentinthefracturingfluid. Hus may be done in several ways. The 
soUd acid-precursor is sometimes included in an otherwise conventional acid fracturmg 
treatment (in which the fluid contains an acid such as HCl. HF. an organic acid or 
miKtures thereof). The initially pre^t acids will tend to spend in the near-wellboie or 
high pertneabUity region ofthe formation, but die solid acid-precursor willbecame^ 

farther into die fracture and generate acid in situ that will etch the fracture faces farther 
from the wellbore. Most commonly.thesoUd acid-precursor is the only sourceofacidm 

die treatment. Optionally, in an acid fracturing treatment in which die acid is generated 
from a soUd acid-precursor, proppant may be mcluded to help keep the fracture open 
until die solid acid-precursor has hydrolyzed and dissolved. 

m acid fracturing, large amounts of soUd acid-precursor are typically desirable. 
Rapid dissolution of the soUd acid-precursor is typicaUyde^rableCas long as too 
dissolutiondoes not occur too close totiiewellborObecause if die particles dissolve too 
^ slowlydienevendissolutionofthefomiationradierdiandifferentialetchingoffrac^ 
faces may result. Conosion inhibitor should be added in case particles are trapped, 
before they reach die fracture, in a place where dieir dissolution will generate an acid diat 
will contact metal components. An appropriate amount of buffer may be added to die 
fluid or to dieparticles to counteract die effects of acidbeing generated by premature 

25 hydrolysis of die solid acid-precursor. 

m an important embodunent. die solid acid-precursor (widi or witiiout any 
additional soUdacid-reactive material) isusedinafracturing treatment in whichitis 

onlysourceofaci^ital^actsasaproppantuntilithydrolyzes. (Normally proppant is 
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not used in acid fracturing, although it can be and such use would be within the scope ui 
the Invention.) The solid acid-precursor is pumped into the well and at temperature, 
hydrolyses to the active acid, and reacts with the surface of the rock. Such treatments are 
conducted as cost-minimization water fracs in which a low concentration, for example 

5 about 0.05 kg/L, of solid acid-precursor or mixture is pumped at a high rate, for example 
up to about 3500 L/min or more, with little or no viscosifier. They are also conducted, as 
are more conventional fracturing treatments, with viscosifiers and higher concentrations, 
for example up to about 0.6 kg/L, of solid acid-precursor or mixture. The viscosifiers are 
the polymers or viscoelastic surfactants typically used in fracturing, frac-packing and 

10 gravel packing. In this case the solid acid-precursor or mixture acts as a proppant and is 
preferably in the form of beads in the size range typically used for proppants in hydraulic 
fracturing. When a large amount of particles of solid acid-precursor or mixture is used, 
this may necessitate using a more viscous fluid than is usually used in conventional acid 
firacturing. The lower density of the solid acid-precursor or mixture, relative to the 

15 density of conventional proppants, is an advantage since the amount of viscosifier needed 
is less. The solid acid-precursor or mixture also acts as a breaker for the viscosifier, thus 
enhancing cleanup and offsetting any damage that might be done by the viscosifier. 
(Acids are known to damage or destroy synthetic polymers and biopolymers used to 
viscosify drilling, completion and stimulation fluids. Acids are also known to damage or 

20 destroy either the miceUe/vesicle stractures formed by viscoelastic surfactants or, in some 
cases, the surfactants themselves.) In another embodiment, at least a portion of the solid 
acid-precursor or mixture is in the form of fibers. Fibers are known to assist m the 
transport of more spherical particles, reducing or eliminating the need for viscosification.. 

The amount of solid acid-precursor or mixture used per unit area of fracture to be 
25 created, depends upon, among other factors, the temperature and the amount of acid 
needed. The preferred concentration range is between about 0.42 and about 5 ppg 
(between about 0.05 and about 0.6 kg/L). The most preferred range is between about 
0.83 and about 2.5 ppg (between about 0.1 and about 0.3 kg/L). 
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Although one of theprinciplebenefits of the method of thelnveation is thatluuc 
or no (Uversion is required to divert acid from wonxd^oles or highpenneabmt^ 
being created during the treatment, diverters may still be used to divert the flmd 
containing a solid acid-reactive material from already-present high penneabiUty streaks, 
vugs, or natural fractures. 

- <v,.h,.« fares to increase fracture conductivity, acid 

generated from solid acid-precursors serves a number of other useful functions, for 
example asabreaker or breaker aidfor polymer or viscoelastic surfactant tMckene^ 

they are present, as adissolver of fluidloss additives, or as adissolver of scales or fines. 



10 etc. 



Tte.^.™ri»r»fpa«id.sh=pesthtt«eus«ltatteInv»Uon. Inthc 

acid-preco^or i. p^tiote, fibers. pWd«sorribbo™ta<a»»«dfer*ta taouo.. 

of*ep.cUngof*epaiticle»intoto«™>my.J»be»«dtoc<mtrf 
20 „n»aonof«adanddis»l«donofp»«cl«by.ffectt,«loc.lc<»ce.Oado^ 

La.Ua„dpnxtacB.coav«tio.,»do««f«o». Uisal»,w.UJBU«sc<,p.o,U„ 
I„vc„ta.oman«*«««p3rUcl«U*co»Bdnboa,to»ad»M-p«^ 
s„taWepMicuU>Bnl^te«amptetoco^t™te(aDd<.pti<m.Uyto 
conmiBUte) ntotun* of »W «d-«««dve n««rW and soBd «idl«c^ 
25 flb»,pla«le«.nbb««otesb^C.lci»mc«boo«.orote^^ 

mBrial coated with soUd «dd-ptecanOT imy "S"*- 

Wtan soUd .Mv^mm. or tAtores of solid add-p,.cur«« ^ soUd acid- 
^«,m«erial8a«medi.tBldfr««ing.withorwitho«tsoluble accelerants, tl« 
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solid acid-precursor or mixture of solid acid-precursor and solid acid-reactive material 
are initially inert to any other components of the fluids, so the other fluids may be 
prepared and used in the usual way. Any additives used in oilfield treatment fluids may 
also be included provided that they are compatible with, and do not interfere with the 

5 performance of, the solid acid-precursor and/or the solid acid-reactive material and/or 
soluble liquid accelerants, if the are used, and vice versa. If the fliiid contains a 
component (such as a buffer or a viscosifier) that would affect or be affected by the solid 
acid-precursor or mixture of solid acid-precursor and solid acid-reactive material or 
■ soluble liquid accelerant, then either the amount or nature of the solid acid-precursor or 

10 mixture of solid acid-precursor and solid acid-reactive material or soluble liquid 

accelerant, or the amount or nature of the interfering or interfered-with component may 
be adjusted to compensate for the interaction. This may readily be determined by simple 
laboratory experiments. 

Although the compositions and method embodiments of the Invention are 
15 described in terms of producing wells for oil and/or gas, the compositions and methods 
have other uses, for example they may also be used in injection wells (such as for 
enhanced recovery or for storage or disposal) or in production wells for other fluids such 
as carbon dioxide or water. 

Example 1, Lactic acid is not as commonly used as an acid in oilfield treatments 
20 as are formic, acetic and citric acids. Tests were run to determine the cq)acity of lactic 
acid in the dissolution of calcite at 82 °C. Figure 1 shows the concentration of calcite in 
ppm (measured as Ca"****" by ICP-AES) dissolved by reagent grade lactic acid as a function 
of weight percent acid in water. Lactic acid has a capacity for dissolving calcite that is 
similar to acetic acid or formic acid, and much higher than citric acid. These tests 
25 demonstrate that lactic acid generated from a lactate polymer is effective for dissolution 
of calcium carbonate. 

Example 2. Experiments were performed (Table 1) to evaluate the hydrolysis rate 
of PLA and to compare the hydrolysis rates of PLA with and without added calcite. The 

15 
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PLA was NATUREWORKS™ PLA Polylactide Resin 4042D, a polymerized mixture uf 
D- and L-lactic acid, available from CargiU Dow. Mim^etonka, MN, USA. THe material 
was used as approximately 4 mm diameter beads. The calcite was reagent grade powder. 
45.04 Grams PLA and 20 grams calcite. when used, were added to 500 ml distilled water. 
The time shown is the time for 100 % hydrolysis. 
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Composition 




1 35 C 


149 ®C 


PIA 


Dissolves in greater 
than 2 hours 


Dissolves in greater 
than 2 hours 


Dissolves in less 
than 2 hours 


P1A + Calcite 


Dissolves in greater 
than 2 hours 30 
minutes 


Dissolves in less than 
2 hours 30 minutes 


Dissolves in less 
than 45 noinutes 


Calcite 


Insoluble 


Insoluble 


Insoluble 



In another experiment, a sample of a biaxially stretched PLA film (about 0.02 mm 
thick ami cut into pieces about 25 mm by about 25 mm) obtained as 
NATUREWORKSTM bOPLA Biaxially Oriented Poly Lactic Acid Film MLF 100 from 
CargiU Dow. Minnetonka, MN, USA. was found to be approximately as readily dissolved 
in distilled water at 149 'C as was the NATUREWORKS™ PLA Polylactide Resin 
4042D These results show that these solid acid-precursors hydrolyze and dissolve at a 
rate suitable for use as an acid source in acid fracmring and that they dissolve calcite. 
Furthermore, calcite. which is insoluble in water under these conditions, accelerates the 
rate of PLA hydrolysis. 

F..«innle3. Experiments were conducted to demonstrate the efficacy of soluble 
Uquid accelerants. 45.04 Grams NATUREWORKS™ PLA Polylactide Resin 4042D 
was added to 500 ml distilled water. This would be 1 molar lactic add if fully 
hydrolyzed. Varying amounts of accelerant, giving concentrations ranging from about 



16 



wo 2004/038176 



PCT/EP2003/011835 



0.1 molar to about 1 molar were added The mixture was then stirred at 90 X. After X 
hours, complete hydrolysis was not observed. Sodium hydroxide was found to be 
approximately as reactive as propylene glycol diacetate; those two were more reactive 
than potassium hydroxide, which was more reactive than ammonium hydroxide. Once 
5 the PLA dissolution was initiated, the rate was not affected by the concentration of added 
component. 
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What is claimed is: 

1. A method of acid fracturing a subterranean formation 
comprising: 

a) injecting a fluid comprising a soUd add-piecursor, and 

b) aUowingatleastaportionofthesoUdacid-precursoitohydrolyze. 

2 The method of claim 1 wherein the solid acid-piecursor is selected ftom the group 
consisting of lactide. glycoUde. polylactic acid, polyglycolic acid, copolymers of 
polylactic acid and polyglycolic acid, copolymers of glycolic acid with other 
hydroxy-, carboxylic acid-, or hydroxycarboxyUc acid-containing moieties, 
copolymers of lactic acid with other hydroxy-, carboxyUc acid-, or 
hydroxycarboxyUc acid-containing moieties, and mixtures thereof. 
3. The method of claim 1 orclaim2 wherein the solid acid-precursor is mixed with a 
solid acid-reactive material. 

4 The method of claim 3 wherein the solid acid-reactive material is selected ftom 
the group consisting of magnesium hydroxide, magnesium carbonate, magnesium 
calcium carbonate, calcium carbonate, aluminum hydroxide, calcium oxalate, 
calcium phosphate, aluminum metaphosphate, sodium zinc potassimn 
polyphosphate glass, and sodium calcium magnesium polyphosphate glass.. 

5. Themethodofanyoftiieprecedingclaimswhereinthesolidacid-precursoris 
coated witii a hydrolysis-delaying material. 

6. The method of any of the preceding claims wherein the fluid further comprises a 
water-soluble agent tbat accelerates hydrolysis of the soUd acid-precursor. 

7. The method of claim 6 wherein the agent is selected from Ihe group consisting of 
esters, diesters. anhydrides, lactones, alkali metal alkoxides. alkaU metal 
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hydroxides, carbonates, bicarbonates, alcohols, propylene glycol diacetate, 
ammonium hydroxide, amides, amines, alkanol amines and mixtures thereof. 

8. The method of any of the preceding claims wherein the fluid further comprises an 
acid. 

9. The method of claim 8 wherein the acid is selected from the group consisting of 
hydrochloric acid, hydrofluoric acid, ammonium bifluoride, formic acid, acetic 
acid, lactic acid, glycolic acid, aininopolycarboxylic acids, 
polyaminopolycarboxylic acids, salts thereof and mixtures thereof. 

10. The method of any of the preceding claims wherein the fluid further comprises 
one or more than one of a viscosifier and a proppant. 

1 1. A method of accelerating the release of acid from a solid acid-precursor 
comprising mixing a solid acid-reactive material with said solid acid-precursor 
and contacting said mixture with an aqueous fluid. 
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